Mean systemic filling pressure (Pmsf) is a major determinant of venous return. Its value is 27 unknown in critically ill patients (ICU). Our objectives were to report Pmsf in critically ill 28 patients and to look for its clinical determinants, if any. We performed a prospective study in 29 202 patients who died in the ICU with a central venous and/or arterial catheter. One minute 30 after the heart stopped beating, intravascular pressures were recorded in the supine position 31 after ventilator disconnection. Parameters at admission, during the ICU stay and at the time of 32 death were prospectively collected. One-minute Pmsf was 12.8 ± 5.6 mmHg. It did not differ 33 according to gender, severity score, diagnosis at admission, fluid balance, need for and 34 duration of mechanical ventilation, or length of stay. Nor was there any difference according 35 to suspected cause of death, classified as shock (cardiogenic, septic, and hemorrhagic) and 36 non-shock, although a large variability of values was observed. The presence of 37 norepinephrine at the time of death (102 patients) was associated with a higher one-minute 38
Introduction 51
Mean systemic filling pressure (Pmsf) represents the pressure generated by the elastic 52 recoil in the systemic circulation during a no-flow state (9) . It is considered a key 53 hemodynamic parameter because of its crucial role as the upstream pressure of systemic 54 venous return (1, 7) . It is considered that physiological understanding of venous return may 55 help intensivists to improve management of critically ill patients (6, 17). Applying Guyton's 56 approach, to increase venous return means decreasing central venous pressure (the backward 57 pressure) or increasing Pmsf. However, despite its key property, Pmsf has never become a 58 routinely accessible hemodynamic parameter in critically ill patients and there is no 59 incontrovertible study of the expected value of Pmsf in the intensive care unit (ICU). This is 60 due to the complexity of this parameter and the difficulty in practice of extrapolating Pmsf in 61 heart-beating patients. Pmsf has only been measured in humans during electrophysiological 62 explorations inducing cardiac arrest (22). Numerous methods based on heart-lung interactions 63 in ventilated heart-beating animals were initially proposed for indirect determination of Pmsf 64 by plotting the venous return curve (3, 7, 24), and the same indirect method was also proposed 65 in ventilated patients in the ICU (13, 14) . 66
Our main objective was to measure Pmsf in a large cohort of critically ill patients, 67 following expected death. Our hypothesis was that the value would be lower than values 68 previously reported using the extrapolation method in heart-beating patients. The secondary 69 goal was to find clinical factors associated with Pmsf, if any. 70
71

Material and methods 72
Study design 73
This observational prospective study was conducted in a 12-bed ICU in the University 74
Hospital Ambroise Paré, Boulogne-Billancourt, France. All patients who died, and in whom 75 5 an arterial catheter and/or a central venous catheter had been previously inserted for care, 76
were included. The study protocol was approved by the Comité de Protection des Personnes 77
Nord-Ouest II. A French legal expert also confirmed that the study was in accordance with 78
French law, providing that the integrity of the body was preserved, which was the case since 79 we only measured pressure using a previously inserted catheter. 80
In practice, the experienced intensivist in charge of recording pressures was at the 81 bedside just before the expected death. After the heart stopped beating, he recalibrated the 82 pressure transducer using the monitor, as usually recommended, disconnected the patient from 83 the ventilator and then recorded the equilibrium pressure in the arterial and/or central venous 84 
Data collection 98
The following data were collected following admission: age, gender, cause of 99 admission to the ICU, simplified acute physiology score (SAPS) II (12), and organ 100 6 dysfunction, assessed using the sequential organ failure assessment (SOFA) score (28). The 101 cause of death was also reported, as were mechanical ventilation at the time of death, duration 102 of mechanical ventilation and length of stay in the ICU. Cause of death was prospectively 103
classified by the intensivist in charge of the patient as shock (separated into cardiogenic, 104 septic or hemorrhagic) or non-shock (severe brain injury, refractory hypoxemia, decision to 105 forgo life-sustaining therapy). This classification was retrospectively checked by 2 other 106 experienced intensivists blinded to the one-minute Pmsf value, using the patient's charts. 107
For each patient, we prospectively reported the presence of norepinephrine at the time 108 of death, as well as the fluid balance. In our unit, fluid balance is routinely and prospectively 109 recorded each day by nurses, using our electronic monitoring system. Fluid balance is 110 calculated during the length of stay as the difference between entries defined as all infusions, 111 and the outputs defined as the diuresis plus gastric aspiration and drain leakages. Fluid 112 balance is expressed in mL. 113
Statistical analysis 114
Statistical calculations were performed by a statistician (AB) using SAS software v 9. In univariate analysis (Table 2) , we found no significant difference in one-minute 143
Pmsf according to age, gender, cause of admission, SAPS II, length of stay in the ICU, 144 mechanical ventilation at the time of death or duration of mechanical ventilation. We also 145 found no difference according to the suspected cause of death (Figure 2) , classified as 146 cardiogenic shock (50 patients, one-minute Pmsf 13.4 ± 6.2 mmHg), septic shock (88 147 patients, one-minute Pmsf 12.7 ± 5.5 mmHg), hemorrhagic shock (15 patients, one-minute 148 Pmsf 11.6 ± 6 mmHg), or non-shock (49 patients, one-minute Pmsf 12.5 ± 4.5 mmHg). A 149 significant difference was found for one-minute Pmsf in patients who did (n = 102 patients) or 150 8 who did not (n = 100 patients) receive norepinephrine infusion at the time of death (14 ± 6 151 versus 11.4 ± 4.5 mmHg, respectively), with a large overlap of individual values between 152 both groups (Figure 3, panel A) . No difference was observed according to fluid balance 153 (Figure 3, panel B) . In patients who finally died after a decision to forgo life-sustaining 154 therapy (n = 34 patients), one-minute Pmsf was significantly lower (10.9 ± 3.8 versus 13.1 ± 155 5.6 mmHg in the rest of the population). As compared to patients with septic shock, patients 156 who died from a cardiogenic shock had a lower length of stay in the ICU (5.5±7 versus 157 3.08±4.6 days respectively, p=0.03) and a lower fluid balance (5933±6607 versus 2218±3597 158 mL respectively, p=0.0007). They did not have any difference for age and decision to forgo 159 life-sustaining therapy (p=0.3 and 0.8, respectively). In multivariate analysis, only 160 norepinephrine infusion at the time of death and age were associated with one-minute Pmsf 161 (Table 3) . 162
163
Discussion 164
To the best of our knowledge, we report for the first time the value of Pmsf, called 165 here one-minute Pmsf because the pressure was measured one minute after the heart stopped 166 beating, in a large cohort of deceased patients in the ICU. Our measurement done one minute 167 following asystole may explain the higher value that we observed compared with Pmsf in 168 animal models, i.e. dogs and rats, where the value measured immediately after cessation of 169 heart pumping was between 6 and 10 mmHg The reason why we found a slight inverted relation between age and Pmsf is unclear but 241 remains to be confirmed since only 19 patients of our cohort were less than 50 years old. 242
The fact that Pmsf appeared unexpectedly low in a few patients with cardiogenic 243 shock deserves comment. Starr reported a high value, close to 20 cmH 2 O, in patients dying of 244 heart disease (23). However, these patients had severe and prolonged congestive heart failure, 245 which is far from the classic profile of cardiogenic shock in the ICU. In our cohort, most 246 patients who died with a cardiogenic shock had an acute cardiac event since only 6/50 (12%) 247 had a history of chronic congestive cardiomyopathy. More, fluid balance was strictly 248 controlled with a much lower value than observed in patients with septic shock, as expected. 249 12 The main limitation of our study is that we investigated measurement of Pmsf in 250 deceased patients, which per se is a selected group of very severely ill patients. As a 251 consequence, the impact of the value of Pmsf on prognosis and treatment could not be 252 evaluated. This approach is obviously not applicable in heart-beating patients, limiting the 253 relevance of our findings for physiology and pathology in general. But our results may add to 254 understanding of Pmsf complexity. Another limitation is that for methodological reason, it 255
was not possible to record central venous pressure (CVP) just before death. This did not allow 256 us to study the driving pressure for the systemic venous return defined as Pmsf -CVP. 257
In conclusion, we report for the first time the value of Pmsf in a large cohort of 258 35 (17) 29 (14) 24 (12) 29 (14) 32 (16) Factors with a p value < 0.20 were entered into a multiple regression analysis.
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